The recent plethora of GPS observations compensates for the 20-year-old lack in vertical displacement data for the Guanzhong region. The 2001e2007 three-dimensional (3D) crustal deformation data suggest regional movement with a horizontal velocity of 3e7 mm/a, predominantly from SSE in the west to SE in the east, and vertical inherited movement with velocity of À7 mm/a to 4 mm/a. After the Wenchuan earthquake, the GPS data suggest that the effect of the earthquake on the regional deformation is greater in the west than the east. 
Introduction
Guanzhong area (Guanzhong area and Weihe Basin are used usually according to our habit) is located in the middle of Shanxi Province, which connects the stable Ordos Block in the north and the Qinling orogenic belt in the south. In the Fenwei seismic zone that lies in the east, two strong earthquakes occurred in the past; the catastrophic and deadliest on record Huaxian Ms8¼ earthquake in 1556, and the Linfen Ms8.0 earthquake. The western part of the area belongs to the NortheSouth Seismic Belt where both the Haiyuan Ms8.5 and Tianshui Ms8.0 earthquakes occurred [1] . The Guanzhong area is an important tectonic boundary that divides the North China and South China blocks. Several large-scale structures in the east and west converge in the region. The regional tectonic stresses are affected by the QinghaieTibet and North China plates, and suggest stress increase or decrease in the North China plate. The Indian plate collision pushes the QinghaieTibet plate in the NE direction. Approximately 20% of the stress is toward the North China plate. The Pacific plate affects the North China plate via deep processes.
Guanzhong area records crustal movements owing to tectonic stresses from different plates [2, 3] . For instance, before and after the Tangshan Ms7.8 earthquake in 1976, the regional leveling deformation during 1971e1977 and 1977e1980 was significantly and abnormally variable, whereas during 1980e 1986 and 1986e1996 the deformation variations were small [4, 5] .
The Ms8.1 earthquake in 2001 west of the Kunlun Mountain pass is also another example. Gravity data for 1992e2005 suggest that the gravity trend sharply reversed in 2001e2002 and this presumably relates to the earthquake and the subsequent regional stress adjustment [6] .
The Ms8.0-strong Wenchuan earthquake affected Baoji and the western parts of southern Shanxi. Earthquakes with magnitude greater than Ms5 were more frequent in Hanzhong, Ningqiang, and the surrounding areas after the Wenchuan earthquake. Moreover, small earthquakes also increased markedly in the eastern parts of the region [7] . 
Data and processing
Presently, the deformation data in the region are from GPS monitoring stations and leveling sites (Fig. 1) 
3.
3D crustal movement before and after the Wenchuan earthquake
The GPS network covers Guanzhong and the adjacent regions, and the stations are relatively well distributed. More than ten campaigns have been conducted since 2001, and hence, we obtained the 3D crustal movement characteristics. Especially for the vertical displacement, the data fill the gap of regional vertical measurements since 1997 and can be used to detect the displacement variation. With regard to horizontal displacement, the data record a series of representative velocity fields in the region of interest, reflecting the effect of strong earthquakes.
3.1.
Horizontal movement [8] . We find that the velocity component E increased from 4.43 mm/s to 9.72 mm/s during 2001e2007; the coseismic horizontal displacement of XIAA and D079 near 109 E increased 3e6 mm in the EeW direction [8] . 2001  8  25  9  16  2007  9  28  10  20  2002  8  23  9  18  2008  9  20  10  11  2003  7  22  9  01  2009  8  16  9  12  2004  9  5  10  02  2010  9  20  9  30  2005  7  27  8  11  2011  9  20  9  26  2006  8  20  9 09 (Fig. 4) , the reverse movement is more noticeable and complex compared with the previous velocity field, which reflects the recovery owing to the stress relaxation after the Wenchuan earthquake. During 2009e2010, the horizontal velocity decreased to 3e10 mm/a while the direction became disordered. The stations in western Qishan moved primarily along the SE direction and those between Qishan and Gaoling, the central region, moved along the SSE direction. In addition, the stations in the east mainly moved along the SW direction. Thus, Gaoling and adjacent regions were part of a compression zone, and an Ms4.4 earthquake occurred during this period. The directions and magnitudes of the horizontal movement vectors varied greatly during 2010e2011, which suggests that there is no correlation with the Wenchuan and Ms4.4 earthquakes in the far and near field, respectively; furthermore, the velocity was 3e10 mm/a. 
Vertical movement
Common vertical displacement surveys with leveling instruments were conducted during different years and seasons. The noncontinuous vertical displacement is likely to contain large periodic or aperiodic movement [12] . We find that the deformation across faults changes periodically for deformation observation intervals of four months each year [13, 14] . The difference between the maximum and minimum is sometimes more than 20 mm [15] . If the GPS observations are conducted during the same season each year, the vertical displacement precision improves [16] and we can obtain the regional vertical movement from GPS observations. XIAA in the Weihe Basin is one of the reference stations of the Crustal Movement Observation Network of China. During 2001e2011, the station displacement rate is À6.15 mm/a, and is consistent with the linear fitting result of À7.15 ± 0.84 mm/a based on continuous GPS observations. For the same period, another reference station, YANC in the Ordos block, has a linear fitting velocity of 0.25 ± 0.31 mm/a, which is also consistent with the calculated displacement rate of 0.19 mm/a. Hence, we infer that the vertical velocities in this study are reasonable.
The vertical displacement precision is approximately 3e8 mm/a when we use observations of two continuous years. Though the vertical displacement accuracy is poorer than in long-term observations, we can still see the effect of the strong earthquake. The vertical displacements of four stations (JB08, H001, S009, and D061) are shown in 
Perhaps, recovery to normal movement levels requires longer time [17] . D071 near the location of the Ms4.4 earthquake appears to continuously increase after 2008 with vertical displacement rate of 4.56 mm/a during 2008e2011, which is the largest among the stations in the east. During 2001e2011, the vertical displacement rate is À1.54 mm/a, which is larger than that during 2001e2007 (À2.84 mm/a), and denotes subsidence. Fast upward movement may relate to the Ms4.4 earthquake. The 2001e2007 GPS observations reveal the recent vertical movement characteristics of the Guanzhong area, which compensates for the lack of regional leveling surveys during the last 20 years. Survey leveling data during 1986e1996 [4] are similar to the annual leveling data since 2001. Hence, the main displacement is attributed to inherited movement in Guanzhong and adjacent regions [18] . D061 in the Ordos block is relatively stable, as shown in Fig. 5 , and its vertical displacement owing to the strong earthquake is not significant. Fig. 8 shows the GPS vertical displacement relative to D061 during 2001e2007. The Ordos block is relatively stable and the differential movement between D061 and the other stations is small. Small differential movement is recorded north of the Qinling Mountains; however, the stations in Qinling Mountains subsided relative to D061 as well as all the stations in Weihe Basin. The vertical displacement data suggest that the Ordos Block and Qinling Mountains are presently being uplifted, whereas the Weihe Basin is subsiding.
To further compare the leveling data, we use 
Conclusions and discussion
The 3D crustal deformation data from GPS monitoring reflect the effect of the Wenchuan earthquake during 2001e2011 in Guanzhong and the adjacent regions. The boundary between the sags and domes of the uplift is at 109 E, to the left is the Xianyang uplift and Xi'an sag and right is the Lishan uplift and Gushi sag (Fig. 8) . On either side of the 109 E boundary, the horizontal and vertical movement change magnitude and direction (Figs. 4 and 6 ). Before and after the earthquake, the vertical differential movement is within 20 mm/a in the Ordos Block and Qinling Mountains, and within 50 mm/a in the Weihe Basin. Nonetheless, the 2001e2007 GPS data, before the earthquake, reflect the horizontal displacement with a horizontal velocity of approximately 5e10 mm/a, predominantly along the SE direction, and the inherited vertical displacement. Crustal deformation varies spatially and temporally. Owing to the interaction among blocks, strong earthquakes result in stress adjustment and crustal deformation. The crust in the Guanzhong area is strongly affected by earthquakes that take place in adjacent blocks [1, 2, 6] . The Wenchuan earthquake is related to the eastward mass flow of the QinghaieTibet Plateau and consequently some of this material is blocked by the stable and strong Sichuan Basin and accumulates in the western brim of Longmenshan Mountains. The Wenchuan earthquake occurred along the YingxiueBeichuan fault on the Longmenshan Mountains and caused part of the material to flow toward the east and north. From the 3D deformation analysis, the stress adjustment in Guanzhong owing to the Wenchuan earthquake is deemed critical to the Mainly engages in the researches on crust deformation data processing and analysis and earthquake prediction. She had about twenty publications, which mainly involved earthquake, volcano and ground fracture and so on.
